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CONSTRAINTS ON THE ORIGIN AND VOLUME OF GAS IN THE NEW ALBANY SHALE (DEVONIAN – MISSISSIPPIAN), EASTERN ILLINOIS BASIN
ABSTRACT
    
This study investigates kerogen petrography, gas desorption, geochemistry, and 
micro- and mesoporosity of the New Albany Shale (Devonian-Mississippian) in 
the eastern part of the Illinois Basin. Core analysis from two locations, one in 
Owen County, Indiana, and one in Pike County, Indiana, was conducted. The 
volumes of gas in the locations studied are primarily dependent on total organic 
carbon (TOC) content and the micropore volume of the shales. Gas origins were 
assessed using stable isotope geochemistry, whereas maturity assessments 
utilized both measured and modeled R  values. Different depths of burial and 
o
formation water salinities are likely responsible for dominant origins of the gas in 
the two locations studied. The shallower Owen County location (415 to 433 m 
deep) contains significant microbial methane, whereas the Pike County location 
(832 to 860 m deep) is characterized exclusively by thermogenic gas. Despite 
differences in the gas origins, the total gas in both locations is similar, reaching 
3
up to 2.2 cm /g (70 scf/ton). The lower thermogenic gas content at the shallower 
location (probably because of the lower thermal maturity and possibly higher 
loss of gas related to uplift and leakage via relaxed fractures) is compensated by 
additional generation of microbial methane, most probably stimulated by influx 
of glacial meltwater causing both brine dilution and microbial inoculation. 
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Lithostratigraphic section of the New Albany Shale in Indiana.
The New Albany Shale is a middle Devonian to lower Mississippian organic-matter-rich formation in the 
Illinois Basin that extends through Indiana, Illinois, and western Kentucky. This unit is correlative with the 
Antrim Shale of the Michigan Basin and the Ohio and Marcellus Shales of the Appalachian Basin.
The New Albany Shale thickness varies from <6 to 140 m (<20 to 460 feet) and an elevation from 228 m 
near outcrops to -1370 m in the deepest, central part of the basin (750 ft to -4500 feet). Depth ranges 
from 0 to 1585 m (5200 feet). The principal rock types are brownish-black shale that is rich in organic 
matter, greenish-gray shale, dolomite, and siltstone.
Location of New Albany Shale gas wells in Indiana.
New Albany Shale wells completed before 1995
New Albany Shale wells completed in 1995 or later
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Photomicrographs of organic matter 
types in selected samples (reflected and 
fluorescent light, oil immersion). Organic 
petrographic observations (e.g., 
abundance of marine algae) suggest a 
predominantly marine source of organic 
matter in the New Albany Shale. 
Organic matter in the uppermost part of 
the Pike County section is represented 
by small alginite bodies, occasional 
acritarch cysts, and very small 
liptodetrinite macerals (photographs A-
B). Inertinite and small oxidized particles 
of vitrinite are present in all samples of 
this part of the section (photo C). The 
Clegg Creek and Camp Run Members 
have elevated TOC content and feature 
abundant alginite macerals and large 
fossil algae such as Leiosphaeridia and 
Tasmanites (photos D, E, G, H) together 
with smaller algal bodies. Higher TOC 
and alginite content are additionally 
associated with abundant, 
nonfluorescent amorphinite that occurs 
as granular groundmass or relatively 
well-defined layers (photos F and I).
Two wells drilled in 2006 in Indiana were selected for 
detailed examination of New Albany Shale intervals. Cores 
characterized in this study include a shallow cored interval 
from 415 to 433 m (1,362 to 1,421 feet deep) that was 
retrieved from Owen County, and a deeper cored interval 
from 832 to 860 m (2,730 to 2,822 feet deep) that was 
retrieved from Pike County.
Freshly retrieved drill cores from both wells were 
immediately sealed into gas-tight desorption canisters at the 
drill sites, transported to the laboratory, and stored anoxically 
in canisters at room temperature. Desorbing gas was 
quantified to determine the gas content. Rock samples were 
selected from closely spaced intervals and analyzed 
petrographically and geochemically.
These two locations selected in this study represent two 
different depth intervals, maturities, and gas origins. They 
also represent two different production approaches. The 
shallower location is representative of the area from which 
the gas has been produced from New Albany Shale using 
the standard vertical drilling for a century. The deeper one is 
representative of the most recent exploration/production 
targets where horizontal drilling and fracturing technologies 
are being applied.  Therefore, these locations set the 
comparative framework for future research and exploration 
work.
TOC content in New Albany Shale samples from Pike and Owen 
counties in relation to gamma-ray (GR) log responses. Arrows and 
sample names indicate horizons sampled for gas desorption. 
The presence of gas in the New Albany Shale 
sparked continued industrial interest since the 
late 1800s. Gas-in-place estimates of the Illinois 
Basin New Albany Shale gas reserves vary from 
86 to 160 Tcf, out of which technically recoverable 
resources are between 1.3 to 8.1 Tcf. 4) The New Albany Shale in Owen County has a high microbial GIP potential 
CONCLUDING REMARKS and a very low thermogenic GIP potential, whereas New Albany Shale in Pike 
County has a relatively high thermogenic GIP potential only. The gas 
1) Exploration for shale gas in the New Albany Shale must consider the producibility is expected to be slightly higher in Pike County owing to a 
presence of mixed gases of thermogenic and microbial origins. Some significantly lower residual gas content (32% vs. 66% in Owen County), lower 
parameters, such as TOC content and formation thickness, may support both water saturation and greater fracability owing to greater depth and higher in-situ 
the thermogenic and biogenic gas generation, whereas increasing thermal pore pressure. In both locations the Clegg Creek Member may be considered a 
maturity supports only the generation of thermogenic gas. Resulting better target for horizontal wells mostly owing to higher TOC and total gas 
temperatures (above 80 to 100°C) sterilize geologic formations and prevent the content.
generation of microbial gas. 
2) In case of post uplift re-inoculation, the higher the thermal maturity of the 
organic matter, the more resistant it is to biodegradation by methanogenic 
microbial consortia. In turn, microbial methanogenesis is controlled by salinity, 
water saturation (pores filled mostly with hydrocarbons would prevent significant 
biogenic gas generation), in-situ temperature, biogeochemical character of the 
organic matter, and the actual presence of microbial consortia in geologic strata. 
3) Producibility of shale gas is often a challenge and requires advanced drilling 
and completion techniques, such as horizontal or multi-parallel drilling and 
fracturing. The gas producibility diagram (right) highlights parameters that 
control the production potential of the gas in place (GIP), regardless of gas 
origin. Good producibility can be expected from a shale with high permeability, a 
high free/total gas ratio (enhanced by high temperature), a high quartz or silica 
content causing increased brittleness and presence of natural fractures allowing 
better fracability, and low water saturation (Sw), as high Sw would hinder gas 
diffusion out of low-permeability shale and might require intensive dewatering. 
A - Position of New Albany Shale gas samples along the mixing line of thermogenic and biogenic gas 
end members. Coal gas samples from the Illinois Basin are included for comparison. 
B - Projection of formation water salinity isolines of New Albany Shale in Indiana. 
A - Relationships between residual gas content and total gas content. Note different slopes of correlation lines 
for New Albany Shale samples and larger fraction of residual gas in shallower Owen County location. 
B - Relationships between TOC and total gas content. Note larger gas content per unit of TOC in Pike County 
location than in Owen County location.
The total gas content (on an 'as received' basis) in the New Albany Shale 
3 3
cores ranged from 0.4 m /metric ton (13.2 scf/ton) to 2.1 m /metric ton (65.8 
3
scf/ton) in the Owen County location and from 0.1 m /metric ton (3.2 scf/ton) 
3
to 2.0 m /metric ton (63.9 scf/ton) in the Pike County location. Strong 
correlations were found for both locations between residual gas and total gas 
2 2
content (R  ~ 0.9), and between total gas and TOC content (R  ~ 0.7 to 0.9), 
where TOC was obtained from representative and homogenized fragments of 
corresponding 30-cm core sections.
Methane adsorption capacities for samples NA-6 (high TOC) and 
NA-8 (low TOC). Total gas content measured by canister 
desorption for these two samples is also indicated by open 
symbols. Dashed lines indicate in-situ pressure conditions  
corresponding to the depths of these two samples.
A - D-R micropore surface area versus gas 
content; 
B - D-A micropore volume versus gas 
content; 
C- typical micropore size distribution in the 
New Albany Shale samples; kinetic diameter 
of CH  C  (ethane), and H O (water) 
4, 2 2
molecules is indicated on x-axis; 
D - D-A micropore volume as a function of 
TOC content. 
Regression lines on panels A, B, and D refer 
to the New Albany Shale samples from both 
locations.
D-R: Dubinin-Radushkevich
D-A: Dubinin-Astakhov
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The New Albany Shale spans a thermal maturity range corresponding to vitrinite 
reflectance (R ) values between 1.5 % in the southern part of the basin in Illinois to 0.5 to 
o
0.7 % closer to the basin margins, including Indiana. Thermal maturity in some areas may 
be somewhat higher than indicated by R  values because of the possible suppression of 
o
vitrinite reflectance.
Our burial history model was generated using lithostratigraphic data obtained from 
geophysical logs of Pike County and nearby locations. The model indicates that the 
maximum temperatures of the New Albany Shale reached ~100°C in Pike County and 
~90°C in Owen County and assured pasteurization or the killing of microbes within this 
formation and the underlying units. Erosional uplift caused cooling to present-day 
temperatures of 30 to 40°C. During the warm interglacial periods of the Pleistocene and 
during the Holocene, postglacial rebound and the supply of fresh water caused recharge 
into Illinois basin formations, including relatively shallow Pennsylvanian coals. Infiltration of 
meteoric water in the most marginal parts of the basin entailed significant dilution of 
basinal brines normally present in the New Albany Shale. Decreased temperatures and 
freshening of formation waters not only made the New Albany Shale habitable for microbial 
consortia, but may also have re-inoculated the formation with microbes. Such conditions 
stimulated microbial biodegradation of shale organic matter and generation of microbial 
methane. 
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